The rotation anomaly of outer branches of spiral galaxies can be explained on the basis by a gravitational theory published in 2008. It is based on the interaction of charges with electromagnetic radiation with ultralong wavelengths which were generated by the Big Bang and which are densely distributed in the expanding space. The cross section of the interaction of charges with these waves depends on the Rayleigh scattering governed by the well known / p ω ω -factor to the fourth, where ω is the frequency of the wave and ω p the "natural frequency" of the particle. Natural frequency means that charges respectively matter oscillate with higher frequency. The p / ω ω -factor implies an increase of the gravitation constant with increasing length of path in space and gives a possible explanation of why stars in outer spirals move with higher orbital velocity.
Main Features of the Attraction of Charges Caused by Mutual Screening of ULW-Photons
The basic idea presented in Schultheiss (2008) is to assume a very dense isotropic flux j of a spectrum of thermal ULW photons in the space with wavelengths λ up to 10 26 m, comparable to the diameter of space (Gott III, 2005) . The dimension of j is the number of ULW-photons per unit time. These photons penetrate an interaction sphere F p of a charge, and reflect or scatter from it (see Figure 1) . The interaction takes place with a probability corresponding to the Rayleigh cross section (Feynman, 1965) ω is the so called "natural frequency" for the case that the frequencies of the charged particle oscillations are higher than the frequency ω of the ULW-waves (the ω-factor in Equation 1 is also responsible for scattering of visible light by air molecules which leads to the blueness of the sky). For ULW photons, one can assume that p ω >> ω. Therefore, the ω-term in the cross section in Equation 1 can be very small in value.
The radius of the charged particle is in the order of r 0, the particle interaction radius r p derived from the cross section is much smaller because of the quadratic ω-term: 
The resulting interaction sphere area of the particle is: 
As can be seen in Figure 1 , before the isotropic photon flux j enters the particle interaction sphere p F , it passes through the outer shell area s F in a nearly normal direction because the quotient p r / R is generally small. The particle at the outer sphere scatters with the Rayleigh cross section p σ mentioned above. Hence, the flux j via the center particle is reduced by the quantity of the scattered flux j Δ , which is governed by the area factor p s / F σ : Figure 1 . An isotropic flux j of penetrating ULW photons enters the interaction sphere p F of a charged particle located at the center of a larger sphere with radius R and interacts with it. A second charged particle located at the larger sphere with cross section p σ screens photons from the center particle and a virtual attraction force will appear (Figure 1 and legend taken from Schultheiss (2008) The reduced flux j j − Δ appears at the center of the interaction sphere, where the screening particle is located. In the opposite direction the flux j is unchanged. Thus, the center particle experiences an overshooting force caused by j Δ via the screening particle. Since the center particle itself screens the flux to the outer sphere particle with the same probability, a virtual mutual central force between both particles appears.
Note that the cross section in Equation 4 is generally tiny, so that accumulations of matter such as stars are permeated by ULW-photons as easily as dust particles by long-wavelength radio waves.
The thesis of Schultheiss (2008) 
The virtual force f virtual in Equation 5 (left) generated by ULW photons contains the factor 2 because matter always appears to be electrically neutral and electrons have the same magnitude of charge as protons. The sign of the charges is opposite but this does not matter. That the mass of electrons is a factor of 1836 smaller than the proton mass plays has little significance in this context, because in a strong gravitational field a weak electrical polarisation between protons and electrons should appear. In Equation 5, a second factor 2 appears because the optimum momentum transfer at a reflection of a ULW-photon is 2 h / ⋅ λ . To take all other scattering angles (with lower momentum transfer) into account the factor 1 τ < in Equation 5 corresponds to the total scattering cross section.
Note that even photons with cosmic wavelengths can be scattered by a single electron or proton as well as by a single neutron which in this context can be considered as a composite of proton and electron. Following the rules of Quantum Electrodynamics (QED) even photons can be scattered by other photons (Kanda, 2011) (this applies to all wavelengths). The following consideration may allow an easy access to this kind of physics: As a result of the quantum-mechanical uncertainty principle, photons can transmute to a virtual fermion/anti-fermion pair. Then the ULW-photon flux couple to both of these virtual charged particles (masses). The decisive issue is that this process takes place with the duty cycle of t h / E Δ ⋅ν ≥ ν Δ , where interesting at this point to note that Einstein, in his Theory of General Relativity (Einstein, 1916) , at first assumed a Newtonian deflection of light. But measurements hint to a higher value of about a factor of two. A correction of his theory is described in (Klein, 1996) .
Schultheiss (2008) could demonstrate how ULW photons could be generated in the context of the Big Bang (Lemaître, 1931) . In this Compton-collision framework a photon reflects back and forth between a fixed and movable mirror (i.e., charges). It accelerates the movable mirror in such a manner that the increase of path and wavelength develops congruently -an effect which is called "congruence between path and wavelength". This process was exactly derived based on the rules of the Theory of Special Relativity, as will be sketched out in the following:
Congruence between Path and Wave
The functional relationship between mirror distance and wave train length is shown in the Minkowski space-time presentation of Figure 2 . The left graph shows the wave train path (shown as an arrow) in the fixed mirror system S and the right graph shows the wave train path in the movable mirror system S´. If the wave train arrow in one system is horizontally aligned (wave train head and tail arrive simultaneously), then in the other system the wave train arrow is slanted. The coordinates of the laboratory system S in Figure 2 are transformed into the system S´ of the movable mass m by means of the Lorentz transformation 
The following expressions for the wave-train lengths and path lengths are identical to the length of Doppler shifted waves: 2  2  2  2  2  2 , 0 , The scheme in Equation 7 demonstrates that just when the wave head touches the opposite mirror, the mirror separation and the horizontally aligned wave train path are exactly equal in length. In the subsequent collisions ( 3 λ etc.) we have to distinguish between different Doppler factors appearing in Equation 7.
Equation set 7 can be called "congruence equations". With increasing mirror distance, the photon momentum decreases but will not vanish in this framework, even for cosmic separations. In this sense, the number of photons is conserved. A further transfer of energy from ULW photons onto particles is only possible if the mirrors and waves continue expansion. Note that a thermalization of ULW photon energy in this context is irrelevant.
In the calculation, the photon is assumed to be located at the wave train head. In reality, because of QM-uncertainty, the photon collision can appear everywhere during the whole oscillation period (Heisenberg, 1930) . This leads to QM uncertainty in the mirror and wave expansion, but in a statistical average the congruence between path and wave is true (see also Chap.5).
In the course of this process, matter, photons and space expand synchronously, mainly driven by the radiation pressure due to ULW photons. It should be mentioned that mirrors are in reality charges like baryons, leptons and fermions (from photon decay). The process has the potential to smooth out inhomogeneities and anisotropies in space and can be the reason why space looks so homogenous. However, the process leads to a steady expansion of space, which of course is not given in case of the so called inflation of space where within a time span between 10 -36 s to 10 -32 s the space expands by a factor of 10
26
. Concerning this theory see Guth (1997) and others.
In the wave description, the reflection theater uses the boundary condition that the component of the wave vector perpendicular to the perfectly reflecting mirrors is inversely proportional to the distance between them and that the parallel component can be neglected. The entire electric field has to be zero inside the perfect conductor, so that in particular the perpendicular component has to vanish at the boundary (mirror). At any rate, the wavelength would be approximately proportional to the distance. This would at least work for the lower-order standing wave modes. Since the photon momentum is basically the same as the wave vector (up to a factor ħ), the photon momentum would then also decrease with increasing mirror distance, but not vanish.
The maximum expanded wavelength λ assumed in this paper is on the order of λ, which is the diameter of space. In this context it should be mentioned that besides the zero point radiation, the isotropic radiation pressure due to the ULW photons also plays a decisive role in a model where mass is simulated by means of a photon that is confined in a cavity stabilized by this pressure (Schultheiss, 2013) .
Aspects Concerning the Conservation of Relativity
Relativity fails during motion of charges/atoms against an isotropic flux of a short-wavelength photon-spectrum because of deceleration effects due to Doppler blue-shifts in front and red-shifts behind (Note deceleration or cooling of particles by means of surrounding light is in all aspects well investigated by Hänsch (1975) and Wineland (1975) ). This is true for a short wavelength spectrum. However, according to results of Figure 2 and the comments, an instantaneous Doppler shift of ULW-photons can be neglected since the time span to execute a Doppler shift demands a full period oscillation of the ULW wave train, which takes about 17 / c 10 λ ≈  seconds.
Besides the negligible Doppler shift, an increased collision frequency is expected if a charge moves with the velocity v against a light-fast ULW photon flux j. This would also contradict to relativity since it causes a deceleration force. But this is not true. As already mentioned, because of the QM uncertainty p x Δ ⋅Δ ≥  , the position x Δ of a photon with momentum / p h λ Δ =  can be anywhere along the path of λ  (Heisenberg, 1930) .
In this view, the flux j consists of photons distributed everywhere between the wave head and the tail. An individual velocity of a charged particle does not give an ansatz to influence the results of QM-uncertainty.
Estimation of the
To describe gravitation, an intense flux of isotropic ULW-photons entering the interaction sphere of a charge is necessary. To give an estimate of the flux j, one has to give an estimate of (Richter & Valentijn, 1999) of the far-distant outer region. Since the passage of light through hydrogen, either atomic or molecular, is always slightly inelastic, the nature of the red shift is may be not purely Doppler-based. The green curve indicates the expected Kepler rotation (Equation 14) on the basis of the visible mass. These data show clearly the discrepancy between the expectation of Newton's theory and the observation at the outer branches. Finally the red curve shows the effect of a variable gravitation constant on the basis of the wave structure of the ULW photons with Rayleigh scattering. The agreement of the curve at large distances is very good. Minor deviations can be seen at smaller distances (less than 1 kpc). Comparison with the data indicates that the model may correctly describe the physics.
Conclusion
This investigation supports the assumption that gravity may have electromagnetic roots. The understanding of the rotation anomaly of outer stars in galaxies seems to be based on the characteristic . This value reflects an energy density of the isotropic ULW photon-flux comparable to the proton energy density. The ULW-photon-flux can be understood as a result of the more or less similar expansion of the particle path and the photon wavelength after the Big Bang. It should be emphasized again that this theory avoids introducing new physics such as dark matter and dark energy. To achieve this result, basic assumptions with far-reaching consequences must be made. But this can be done on the basis of well understood physics.
